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NU~mERS AS AFFECTED BY SEVERAL MODIFICATIONS

By John R. Spreiter, George M. Galster,

and George E. Cooper

SUMtiARY

During dive tests of a typical fighter airplane, a type

of aileron flutter occurred which was evidently associated

with high-speed flight. At a Mach number of 0.745 the

flutter was of such intensity that no £urther increases of

Mach number were attempted. Data obtained during these tests,

ahow that, as the speed was increased from the lowest test

speed, both ailerons floated upward progressively, reaching

an angle of O.So at a Mach n~~ber of 0.72. With further

increases of Mach number, to the highest test value of 0.745,

the aileron angle rapidly increased to approximately 3 0 up,

with the onset of flutter occurring at a Mach number of

approx~ately 0.73. At Mach numbers between 0.735 and 0.745

the ailerons fluttered with a frequency of about 20 cycles

per second and attained amplitudes as large as 3 0
• The onset

of aileron flutter was Shown to be a function of Mach number

but was relatively independent of altitude, aerodynamic

balance, and small changes of mass balance of the aileron.
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Whm t h o  a i l o r o n  control srstem was modified by install ing 

a hydraulic irreveraiblc ut?it, t h e  onsc t  of a i l e r o n  flutter was 

delayed to a Mach number of approximately 0,75 and tho f l u t t e r  

amplitude never exceeded lo, which was of  tho  s a o  nap-itude 

as the play in the i r r eve r s ib l e  a i leron c a n t r o l  syetam. The 

f l u t t e r  freqGency waa again about 20 cg-clas par second, Duo 

to small amounta of crcop in tke..irrevorsible wits, both 

ailerons f loa t ed  up as the  wi . t ica1  Mach mmber vas oxccaded, 

although the magnituda of this u7floa-t; m a  considorably l a a a  

than that exporioncod rv!.th the A l o r m a l  t g n t r o l -  system. 

Analysis of the available datc. indic.zl;cs that the upfloat- .. 

ing tondcncg observad at %Each numbers greater than 0.72 is due 

t o  t h o  shock-induced s u p m a t k o n  on the uppor surflncc l2oir.g 

g r o a t o r  than that on the 1 o w G r  slwfaco, Tho niloron f l u t t e r  

appears to bo LL scpwatc? phcmmemn caused by a coupling of 

tho var i a t ions  of Chc pos1t;icne ‘and intensit;i.cs- of Yno shock 

wavos with tho d o r o n  motion.  This conpling -promcrtcs an 

aileron flutter which roqubos  but one degroo cf frocdom, 

ai leron rotation. 

A type of a i l o r o n  I l u t t o r ,  apparent ly  n s s o c i a * c d  with 

high-spocd f l ight ,  has bccn r c p o r t o d  t o  occur  on sovepal 

airplanes whilo f ly ing  at high subsonic airspoc-ds. On0 of the 

. 

.. . 

o a r l i c s t  cncountcrs -w2tn this particu1s-r typc of’ Sluttor was 

oxperioncod i n  a. f f g h t o r  airplano during high Mach numbor divos 
r 

. &  . 
.. . 
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being  cocducted nt ';he h e s  Aeronautical Laboratory. On this 

occasion the a i l e r o n   f l u t t e r  began at a Mach number of 0.73 
and became so  intense a t  a Hach number Gf O.TLl5 that f u r t h e r  

increases  of  a i rspeed were conaidered  unsafe.. The purpose of 

the   inves t iga t ion   repor ted  herein was. t o  provide i n f o r m t i o n  

concerning the e f f e c t  of c e r t a i n  airplane parameters on the 

occurrence and i n t e n s i t y  of this f l u t t e r  phenomenon. Accord- 

ingly,  in subsequent f'lTgkts, chordwise pressure distribu- 

tions were neaswed a t  one wing s t a t i o n ,  and the   e f f ec t s  Of 

vmyfng the   ind ica ted   a i r speed ,   a l t i tude ,  and mass and aero- 

dynamic balance of tAe ai lerocs  w e r e  observed. Furthermore, 

a hydraulic i r r e v e r s i b l e  unit was i n s t a l l e d  i n  the ai leron 

control  system in orde r  to f n r e s t i g a t e  the e f f e c t  of this 

modificatfon upon t h e   f l u t t e r  phenomenon. Since t he  installa- 

tion of such a unit i n  the control system a l t e r s   t h e   f l y i n g  

q u a l i t i e s  of an a i rp l ane ,   comen t s   r e l a t ive  to handling 

characteristics of the a i rp lane  m s  included i n  an appendix. 

DJSCRIPTIOF OF AIRPLrANE 

The airplane utilized in th i s   inves tTgat ion  is a single- 

place,  single-engine; l o w - ~ i n g ,  carlt i lever mor,o?lane. A t w e e -  

View drawing of the airplane showing the spanwise s t a t i o n  at 

which the wing p res su re   d i s t r ibn t ion  was obtained is  shown i n  

figure 1. Figure 2 shows. a photograph of the airplane as 

instrumented during the flight tests. A sectional v t e w  o f  

the d r f o i l  at the pessure-dis t r ibut ion s t a t i o n  showing t h e  
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ai leron  sect ion,   balance,  and seal;. i s  -prcsontsd in f i v e  3. 

Since the  only  change i n  a i r f o l l  and a i le ron   sec t ion  along the 

'Bileron span i s  &-slight c h q s  in camber, th is  viow mag bo 

considered typical of the  entiire  wing-aileron cornbination. Tho 

general   specif icat ions of t h o  wing and aileron  combination aro  

as follows : " .  

wing 

S p m  o . . . . . . . o . . . . . ' . . o . . . . 3 8 f t 4 i r !  

Area . . . . . . . . . . . . . . . . . . . . . .  248 sq ft 

Aspect  Patio v . 0 5.93 

Taper ra t io  . . . . . . . . . . . . . . . . . . . .  2:l  

Incidence, r o o t  . . . . . . . . . . . . . . . . . .  1-30' 
Incidence,   t ip  . . . . . . . . . . . . . . . . . .  -0.45O 
Dihedral ( t o p  surface 35-percent chord) . . . . . .  3.67' 
Sweepback ( leading edgo) . . . . . . . . . . . . . .  5.10' 
M.R.C. e 6 0 8 8 f t  

A i r fo i l  root . . . .  -. . . . . . .  YACA 66,2X-116 (a 0.6) 

A i r f o i l ,  t i p  . . . . . . . . .  NAGA 66,2X-216 (a = 0.6) 

Ailerons 

Span (along hinge l i n e ,  oach)  . . . . . . . . .  10.063 ft 
Area aft of hinge l i ne ,  each . . . . . . . .  8.143 sq ft 

Fixed balance area, each . . . . . . . . . .  4.826 sa_ ft 

Mass overbalance, each . . . . . . . . . . . .  2.7 in-lb 

Travel . . . . . . . . . . . . . . . . . . . . .  A15O 

. . . . . . . . . . . .  

... 
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The aileron  control  system was of the push-pull rod  type. 

The va r i a t ion  of a i l e ron   de f l ec t ion  w i t h  hinge momant, as 

measured i n  s t c t i c  ground tests with the c o n t r o l   s t i c k  Locked, 

is shown i n  f igure 4. 
Tho or ig ina l   a i le ron   cont ro l   sys tem w a s  modified f o r  a 

por t ion  of t he   t e s t s  by i n s t a l l i n g  an i r r e v o r s i b l e   u n i t  on 

the   r ea r  spar of  tho wing 2 f e e t  inboard f r o m  each a i loron  

bell crank. A photograph- of the installation is shown i n  

f iguro  5 .  This mechmrLsrn, dosfgned and constructed at t h e  

Ames Aeronautical  Laboratory,  operdtes  on tne hzdraul ic-  

lock  prilzciplo,  tho r c l i o f  valves being actuated only by 

motions o f  tho  cont ro l   - s t ick ;  . Due t o  imperfect.  fluid seals, 

t h i s  mechanism could r-at completely  lock tho a i l m o n s ;  an 

appl ied   a i le ron   h inge  momnt  of  10 foot-pounds caused tho 

a i l e r o n  t o  creep approximately 70 per minute. I n  addition, 

i t  w a s  possible t o  move the ailerons approximutely 1' without 

t ransmi t t ing  tho motion pas t  the irreversible uni t .  This 

movement was t raced t o  backlash in the rod-end bearings and 

t h o  hydraul ic   un i t ,  and t o  at is tor t ion of the  rear spar wcb 

supporting tho bell crank. ' The total f r l c t i o n  i n  the a i l e r o n  

control  systom w i t h  i r r cvor skb le  units i n s t a l l e d  on both 

a i le rons  was equivalent  t o  Q cont ro l   force  o r  approx-tely 

6 pounds. 

I N S T R W N T A T I O N  

NaCA photographically rocording flight 
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instruments were used to moaaurc,  as a funct ion of timo, tho 

fol lowing  var iables:  indicated afrspocd, prossum altitudo, 

normal accclcrat ion,   control  f orcc, rolling vcloci tg ,  ailcron 

posi t ion,  and chordwiso prossurc d i s t r i b u t i o n s  e t  a w i n g  s ta t ion  

8 fcc t  3 inches from t h o  l e f t  wing t i p .  In oar lg  tests only tho  

motions o f  tho loft n i l o r o n  worc recordad; wharoas i n  latcr 

f l i g h t s  the motions of both nilorons woro rocordcd. Tho a i l o r o n  

posit ion  rGcordcrs wero  t o s t o d  t o  dctormino t h o i r  f i d e l i t y  i n  

rocording high-frequoncy motions and woro found cnpablo of  

rocording  both the oorrect m p l i t u d a  and froquency a t  ra toa  to 

at lcast  30 cycles  per  second, tko highost frequency t o s t c d .  

Both recordors more comoctod  d i r o c t l g  to  . .  tho a i lo rons .  
- -- . . .. . .. . .. . . 

A swiveling pi to t - s t? . t i c  tubo, usod for t h o  mcclsurcmcnt 

of afrspocd, was mountod o n  tl boom extending 8 f c c t  ahocd of 
. . .. . .. . . ." " 

the. wing loading C d g G  and locatod 2 f o o t  inborrd of  t h o  right 

w i n g  t i p .  Tho i n s t a l l a t i o n  WP-s ca l ib ra t ed  for position orror. 

Indicated airspeed as used in this r cpor t  i s  dofincd by t h o  

.- 
- " 

usual formula by which-standard n i rspood m o t q r s  OTO calibrctod. 

(Sco rcforonco 1.) 

RESULTS AKD DISCUSSION 

Thc data for t h o  prosont r o p o r t  worc obtained during divos 

s t a r t i n g  at various nltitudos. Typical timc h i s t o r i o s  a ro  

Presontad. in figure 6 i l l u s t r a t i p a  t h o  a i loron  f l u t t o r  oncoun- 

to rcd  with four & i f f o r c n t  configurations: (1) w i t h  production 

a i l c r o m ,  (2)  w i t h  the l c f t  a i l c r o n  mass-undorbalanccd 2.0 



. tho ailoron prossuro seals removed  and 

tho a i le rons  mcrss-bnkncod the s m e  as originally (2.7 in- lb 

mass-ovorbalancod), and (4.1 w i t h  Frroversiblc  wits instal led 

in t he   a i l e ron  c o n t r o l  sptorj. and with tho ailerons having t h o  

Sam0 mass and aorodpzmic balance as tho  production nilorOnS. 

In tho f o l l o w i n g  discussion tho first  t'mee conf igmat ions  will 

bo reforred t o  simply as tho mrmal confzol system, 

Al though  tho tim historios for tho normal control system 

(figs, 6(a), 6tb) 2nd 4(c)) shew t ha t  thc f l u t t c r  zmplitudo 

was t h o  l eas t  whcn the 1of t z l lc ron  was mcss-undcrbalancod and 

the  g o a t o s t  whcn t k c  prassurc ao=tis ware romovcd, t h e s o  

var ia t ions  i n  f lut ter  Lmplitudc m y  z l s o  be corrolcltod with 

the variatio= of hkch nmbcr since t h e  g r o a t o r  a p l i h d c s  

alwcys occur r?t tho h i e o r  Mnch nmbors. 

F'urthor malpis o f  the t h e  h i s to r i e s  f o r  the norma2 

control  sys tom ff igs. 6(c) t h r o w  6 (c) ) i n d i c i t o s  that the 

a i l e r o n   S l u t t o r  ghcnomonon was chmactor izod by the following 

sequence of events. As the  Idzch inumber w a s  incroascd bogond 

0.72 both ailerons stc l r tod floating upward. At a Mmh nunibor 

of aboat 0.73, an i n c i p i m t  a i l e r o n  flutter occurrod, which 

at a slightly higher  Mach 11m1bo~ doveloped a stoady frequency 

of about 20 cycles par sccond; further incroasos o f  Mach 

number up t o  0.745 r c s s t c d  only in CL groa tor  nmplltudc of 

t h o  vibrations. Dospito ckmges of indicatod airspoed from 

365 t o  460 milcs pcr  hour, b o t h  u l ~  onset and the disappcar- 

m c c  of f l u t t e r  alwcFs dccurrod a t  EL Wch number of about 0.73. 
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Whilo this obsorvntioa is  i n t o r p r G t o d  as ind ica t ive  of the fact  

that thc fluttor phonomnon is  indcponde3.t of. indicated  airspocd, . " 

insofcr  as thls var iab lo  affects c i t h o r  the fo rces  involvod  or  

the  true airspocd (of importcrnco in c l a s s i c a l  f l u t t o r ) ,  i t  i s  

c o n s i d o r o d  that the l i f t  coefficient r w o  covorcd by v m i n t i o n a  

of e i the r  indicated airspecd o r  norm21 a c c c l e r l t i o m  wcs in- 

s u f f i c i e n t  t o  arrivc"-c?t a conclusion rogct-rding the offoc t  of 

lift coefficient. Dztr. f o r  znothor.alrp1.m ( rc foroncc  2 )  

a dof ' l n i to  r o l z t i o n s h i p  between tho lift coc f f l c i en t  and tho 

Mach numbor . corrcspanding to t h o  onset of f l u t t e r ;  ns thc lift 

cooff ic lcnt   incroascd From 0 to O,&O, thc M~cn numbor a t  which 

f lu t to r   occu r rod  decrczsod f rom 0.790 to 0.705. 

With tho i r r o v o r s i b l a  c.ilcron control systcm, throe dive8 

were made to thc point of S ~ V C P C  c i r p b n e  txzrfcting during t h o  

c c w a e  of one flight. At tho conclusion o f  this flight, it 

was discovered that  a 1 m g o  amount of' . p l q  had bccn produccd 

fn the bell-crank b8mlngS  cu-1~3 the niloron att2ccl7mont f'ittings. 

Consequently, it was not ccnsidorod safe  to continuo the  flight 

tests and no further d o v a l o r m c r t  or irrcvcrsfblo & i h P G n  contro l  

systems was attempted. - 

Records taken during tho t o s t s  w i t h  the irrcvorsiblo 

con t ro l  aystorn (fig. 6 ( d ) )  shou thct the s m o  upf loa t ing  

tendency appoarod prior to tho. fluttor as was n o t e d  with tho 

normal c o n t r o l  system. Tko onset of f l u t t o r ,  howovor, was 

postponed t o  FL Mach numbor o f  9.75 and tho  amplitudo w a s  

l imi t ed  t o  l caa  thm D. dogroe. It should be slotcd that  this 
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f l u t t o r  mpli tudc (ZpproximatGly lo) corrosgonds roughly to 

thc m o u n t  of play in t h o  i r r e t o r s i b l o   a i l o r o n  c o n t r o l  systcrn. 

W ” o  thc t o s t   i r r e v o r s i b l c   c o n t r o l  system failed to prevont 

completely  the a i l o r o n  upf loa t  and f lu t t c r ,  i t  is fclt that 

tho i r   occur ramo wa8 tho r o s u l t  of doficicncios  Ln the irrc- 

vcr s ib l e   con t ro l  sys t c m .  Wore a completoly  i r rovcrsiblc  

control system installed, i t  is boliovod that no f l u t t o r  nor 

up f loa t  would occur, This b o l i c f  is subs tmtiated by tho fac t  

that tho  rigidlr hcld landing flaps wcro nover reported t o  

f l u t  t c r  . 
Tho variation w5th Mach number of tho a i l e r o n  anglos 

measured i n  straight flight w i t h  tho norm1 control systom 

is shown in f i g w o .  7.  Thcso dc&a show that a t  Mach numbers 

g r e a t e r .  than 0.72, the c f f o c t s  o f  moderato changos of  a l t i tude,  

indicatod airspeed, or a i le ron   conf igura t ion  a r c  small i n  

comparison with those o f  Hach number. Similar data for tho 

irreversible cont ro l  system’-are not prosontad because, due t o  

creep, kho a i l e r o n  angle is a function of the thio ra te  of 

change of  Xach number as w e l l  as of the Xach number itself. 

Insufficient data m e  availzble t o  prascnt adequntolg this 

more - complicated re la t ionship ,  The t i m e  h i s t o r y  of f igure 

6(d) does show, howevor, that t?ao ai lerons f l oa t  upward i n  

EL marnor qufto similar t o  tha t   indfca ted  i n  figure 7 for tho 

normal c o n t r o l  sys tom. 

Chordwise prossum d i s t r ibu t ions  recorded 1 and 4 aeconda 

a f te r  the start  af the time h i s t o r y  shown in figure 6Cq.r a r e  

_ -  
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presented Sn f i g u r o  3 t o  show typ ica l  distributions boforo 

and d u ? i n g  tho occwmnco of n i l c r o n  f l u t t e r .  Rocauso of the 

damping and i n o r t i a  in. 3ho prcssuro l inos bctwoon t h o  o r i f i c e s  

in tho wing and tho manornotar in tho tail compwtmcnt o f  the 

fuselage, the proasuro distribution. recorded.  while tho af lcron 

wa8 f'luttoring is somowhat inaccurate,  but it doos have sig- 

nificance as a man pro~auro dis8ribution. 

Relation Bctwoon A5lc;ron Upfloat and Flutter 

It appears from an nnnlysin of tho f l igh t  data in con- 

junction w i t h  tho c r i t i c a l  Yzch numbor data, prcsentod in flgurc 

9, that tho upfloating tendoncg and the f l u t t e r  a m  the result 

of' two r o l a t i v c l g  .indopandent, but r o l n t c d ,  phenomonn. Bofore 

'examining thoso phonomosra in d o t c i l ,  a discussion of figuro 9 

will bo prosented. 

The c r i t i c a l  Mach m b c r s  of both tho upper and lowor 

surfacas of .the NACA 66,2-216 (a t: 0.6) airfoil with .a 

15-porcentpckord plain Flap., which -1s. vary simllar to tho air-  

f o i l  and a l l o r o n  cornbinhtion of the t o s t  air.plano, wcro computod 

f o r  ssveral flap dofloct ions by t ho  m t k o d  of roferenco 3 and 

plot ted  as a function of lift c s c f f i c i m t .  In o r d e r  to adjust 

for tho diffculonco botwoon thoory nnd actuality, sovoral tcst 

p o i n t s  obtained from tho axperimentnl prosswro dist r ibut ions 

a r e  presontod and ncw curvos of c r i t i c a l  Mach number for tho 

test airplane wing are o s t i m t o d  o n  thc basis of both t h o  

t hoore t i ca l  and cxpcrimcntal rosul ts  and a r c  shown i n  f i g m e  9 
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by dot ted  lines. The r o l n t i o n  botwcton tho cr i t ic21 Much number 

of the a i r f o i l   s o c t i o n  (as prcsontod in.fig. 9 )  and t h o  

ailoron upf loa t  is shown in-tka following discussion. 

An analysis of tho vcriatfon of a i l o r o n  anglo w i t h  bkch 

numbor ( f ig .  7) i n  rc la t icn t o  tho Glastlc charactoristics of 

tho normal cont ro l  systcra (fig. 4) shows that as tho Mach 

numbor incroasos f’rom U.3@ to 0.72 at an a2tf tudo .o f  10,000 

f e o t ,  tho a o r o d y n a c  hFngo xmnint applied on the loft a i l o r o n  

increases  from 3.0 to 13.5 foot-pomde, corresponding t o  hinge- 

momcnt caoff‘icicnts of 0.GOrj and 0.004, r e s p c t i v o l g .  The 

r e l a t i v e  constancy of .Pm h iage -mmnt   coc f f i c fon t  a t  Mach 

numbers 1 0 s ~  tk-m 0.72 indicntos t h a t  tho  gradual upf loa t ing  

of tho a i l o r o n s  i n  tMs r a g 3  is c s s o n t i a l l g  a func t ion  o f  

dynamic preasuro ramor  than 3x1 effect of compressibility. 

With fu r tho r  incroascs of Mach number to  0.74, howevor, 

t h o  moan n i l o r o n  hlngo momcnt increasos   rap id ly  t o  approx- 

imatslg 50 foot-pounds, vhich, a t  an a l t i t u d o  of 10,000 foot, 

corrosponds t o  a kingo-momcnt cooff ic iont  o f  approximatolg 

O.Ol5. Because of tho  marked chmgo i n  tho hfngo-moment 

coe f f i c ion t  and bcccuso thc ailerons w i t h  tho normal con t ro l  

system always s tar t  tho& pronouncod up;vard movanont at 

npproximatcly the sLmc Mzch numbcr, ft is concludod that tho  

upfloat5ng tondcncy at Mach numbors above 0.72 is duo mainly 

t o  an of foc t  o f  comprossibil i ty.  

9310 data o f  figure 9 show that for p o s i t i v e  1Zft 

coefficients and for ncgatiyc ai leron angl.cs up t o  bo, the 

Y 
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critical  Mach number of  the upper surface is always less than 

that of the lower -surface. As a resu l t ,  the magnitude of the 

shock-induced  separation on the  upper  surface sill probably be 

greater than t h a t  on the lower surface. Therefore, since the  

pressure coefficients on the reap portion of an airfoil on whfch 

the f low is separated From the  surface a r s  more negative than 

they  would be without  separation,  the a i l e rons  would tend to 

float upward as t he  critical  Mach number is exceeded. The 

actual amowst of upfloat would 'be determined by the degree of 

separation and by the elasticity of the control  system. 

While the foregoing discussion  indicates k a t  the upf'loat- 

ing tendency at high Each numbers is mainly the  stakic  conae- 

quence of the  intensity of the shock-induced  separation on the 

upper  surface  being grea te r  than that on the lower surface, it 

is thou&t that the aileron flutter is a separate  phenomenon 

resulting f r o m  a coupling of the  varlations of the positions 

and intensities of the shock waves  with the aileron motions. 

As the a i l e ron  moves from i t s  m e a n  posftion  during the 

occurrence of f l u t t e r ,   t h e  relative W-tensities of the skock- 

induced  separation on the  uppel' and  lower  surfaces  change, 

producing  hinge moments tending to return the  aileron to ita 

m e a n  position,  Since  a f i n i t e  time is requi red  for the  aileron 

der'lection  to affect the f l o w  over the wing, the r e s to r ing  

moments lag the aileron motions. It; is poss ib le ,  theresore, 

t o  have a component of the r e s to r ing  m o m e n t  in phase with the 

aileron  velocity,  promoting  the  continuance of an aileron - 
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f l u t t e r  which requi res  but one .degree.of freedom, a i l e ron  

ro ta t ion .  Shadowgraph pictures1 t e e n  in  the Ames 16-foot 

1.3 

high-speed wind tunnel  have  codirmed the foregoing 

hypothesis in that ' t k i e ~  show a couplisg between the shock- 

uave pos i t ion  axd the a i l e ron  angle, 

In con t r a s t   t c  tkre classical f l u t t e r  problem, m which 

the aileron f l u t t e r  is p s a t l y  alfected by the valxes of the 

aerodynamic coe f f i c i en t s  and the amount of mass balance of  

the a i le rons ,  it ap2ears t h z t  €E a flutter phenomenon of the  

type just   descr ibed the flutrter would be r e l a t i v e l y  inde- I 

pendent Crf v a r i a t i o r s  o f  tl- dynamic and aerodynamic 

c h a r a c t e r i s t i c s  o f  the sileTons,  provided the .a i le rons  

remain . f ree  to rotate. szch  -independence i s  in accord with 

'ailerons were not free t o  rotate, however, as would be tne 

case wltk 8 perfect i r r e v o r s l b l e  control system, I t  is 

believed th&t  the - f l u t t e r  would not  occur and tire f luctua-  

The following mnclusions rcgnrdlng a i l e r o n - f l u t t e r  

wera drawn from ars analysis o f  t-he aaka obtained rrom 2ive 

t e s t s  of  P- f i & t e r  &irp lano:  ' 

DIcta on f i l e   a t  this Laboratory. 

4 
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1. Fith the  normal control. systwz,  both ailerons floated 

upward progressively 8 s  the speed was incroasod rc-aching an 

angle of 0.8O at a Mach number of' 0.12. Yith further incroasos 

of Mach number to. 0.745, t he  deflections of  b o t h  a i le rons  

rapidly  increased t o  3O up, and the  flutter s t a r t e d  at EL Mach 

number of approxiinately 0.73. 

2. Nith the  aileron cont ro l  system nodif led by the 

i n s t a l l a t i o n  of a hydraulic irrevorsible unit the  rluttor v;as 

delayed t o  a Xach number o f  about 0.75. This systom was not 

completely i r r eve r s ib l e ;  kowever, backlash and d i s t o r t i o n  

permitted about lo o f  aileron defle.ction, and fluid l e a k ~ 1 . p  

allowed  the ailerons to c r e e p  slowly under applied hinge 

moments. Because of this crcop, an up l foc t ing  tendancg of t h o  

a i lo rons  was s t i l l  observed, althoum it was smaller than that 

measurad with the norraal control  sgstcm. The m q l i t u d e  of the 

flutter, less than 10, w n a  of tha saxe rnegnitude as the p l a y  

in  tho irreversible aileron control  s g s t c a .  

3. The flutter froauency wss approxhmtuly  20 cgclos -per 

second for all configurat ions  tcs ted.  

4. The onset of ai leron f l u t t e r  was a function of Mach 

number but  was r~latively independont of a l t i t u d e 9  aorodynnmic 

balance, and small changes of mass balance o f  the aileron. 

5 .  Analysis of the  a v a i l n b l o  data indicates that tho 

upfloatme; tendency observed at Xach nurnbers p;re&tc:r than 0.72 

i s  due t o  tho shock-induced separation on tha upper surface 

being g r a a t c r  than that on the lower s u r f w e ,  .The a i l e ron  . 



f lu thur  is 8 separate phenowonon -.- Caqs6d by a coupl lng of the 

var ia t ions  of  tho poaikfons and intensities of tho  shock waves 

w i t h  the aileron motion. 'pins coupl- promotas a n  aileron 

f l u t t e r  which requires but one dogree of frecdorn, aileron 

r o t  at ion. 

Ames Aeronautical Lcboratory, 
Xational Advisory Carmnittect f o r  Aezonautics, 

MoSf'ct5 P i a l d ,  C a l i f  

y&@!yfs 
John R. Sprcitsr, 

Approved: 

Ir / John F. Parsons, 
Aeronautical EngLnccr. 
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APPENDWE 

PILOTS' O P I N I O N S  OF THE HAlIDLING OUALiTIES OF THE AIE1PLAP;E 

WITH IRZEVERSIBLE AILE3ON CONTHOL SYSTZM 

Yhile i t  appears that an irreversible a i l z ron  c o n t r o l  

sgetern may o f f e r  one solution ' to the rlubtcr problem, the 

l a c k  of pos i t i ve  s t i c k - f r e e  l a to ra l  s t a b i l i t y  and the  added 

f r i c t i o n  usual ly   associated with irrsverslble mechanisms are 

undesirable featurGs f r o m  tks pilotsf viewpoint. To  detoxrnins 

the degree of accep tab i l i t y  af such p m t r o 1 ,  cha rac t e r i s t i c s ,  

the test a f rp l ane  w%th thc irreversible a i l a ron  cont ro l  system 

i n s t a l l e d  w a s  flown b y  several axps r i s i cad   t e s t  pilots and 

thair opinions of  thc l a t e r a l   s t a b i l i t y  and control  charactor- 

i s t i c s  were noted ai'ter each i ' light. Those comments have been 

analyzed and a r e  SiiitiEak-EZ~d.~ iiS"r6-in""togath.or w i t h  repressnta- 

t f v e  quant i ta t ive  aileron control-force &rea obta in td  i n  

abrupt rolls. 

Figure 10 shows. e. t y p i c a l  t h e  history o f  an abrupt 

rudder-locked alleron r o l l  o f  tkle t e s t  amplant: with the 

i r r s v e r s i b l e  a i leron control system ins t a l l ed .  This time 

history c l e a r l y  shows the Initial cor-!.trol i o r c e  required to 

move tha a i le rons  and t o  star t  tho r o l l .  Oncz tkia desired 

ail;;.ron  deflection was raached, tht, cont,-ol i'orce was rschcad 

nea r ly  t o  zcro ,  %hi16 the i r r u v e r s i b l e  unit m a i n t a i n 4  the 

aileron a t  an e f f e c t i v e l y  constant   set t ing.  

From the standpoint of the pilots, 8 s  judged f r o m  the i r  - 



commonts, the undosirablo c h r a c t s r f s t i c s  of  tho tost 

i r rovor s ib l e  a i l o r o n  control  systom were the high cont ro l  

f r i c t i o n  and the f o o l i n g  of s t ick- f roo  noutral latoral  

s tabi l i ty .  Theso cha rac to r i s t i c s  worc most noticoablo and 

d i s a ~ c o a b l o  during t&a-off  m d  landing. For take-off, 

they  rclportod that the ailerons must be ncutralizod by 

pos i t i on  alono,  -8inco i t  was impossiblo  to  dotcrmino  whothor 

or n o t  thog werG noutralized until the a i rp l ano  was ai3?borne 

and tho r o l l i n g  momont causod by unbalmccd  a i lerons cansod 

a w i n g  t o  drop. The wings could bo kept levo1 only by visual 

roforonce t o  att i tude.   Without  dovoting  too mch n t ton t ion  . 

t o  a t t i t ude ,   co r roc t iv s  act ion w a s  no t   appl ied  by the p i l o t  

a8 soon as would be tho  ccsc if he f c l t  posi t ivo  s t ick-froo 

l a t e r a l  s tabi l i ty ,  prqduc.ing a d e f i n i t o  tmdcncg towards ovor- 

control l ing.  This tendoncy, 5ho pilots   notod,  gradually 

diminished as the speed was incrcasod until, at  spoods above 

about 250 milos per  hour, i t  w a s  possiblc t o  avoid ovor- 

con t ro l l i ng  by moving the ailerons w i t h  slow stoadg prossures 

in s toad  of rap id  m o v m o n t s .  As the speed was docrcascld for 

landing, tho  overcontroll ire  tendoncy arose again and was 

even more n o t i c c z b h  than on  tctke-off, becarno mora corroct ions 

were usually noccssarg i n  mcking tho approach at l o w  spood. 

R o u g h  a i r  greatly amava tod  the ovcrcontroll ing  tcndcncios,  

The appl ica t ion   of  the s low s t o n d y  s t i ck   p ros su ros  that 

reduced  the overcontrolling tondoncics a t  hfgh spccds w a s  

practically imgossiblo at low speeds due t o  the l a rge  aileron 
A 

d o f l e c t i o n s  requirbd nccossary ros to r ing  m o m c n t .  
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Figure 2.- The test  airplane  as  instrumented f o r  the flight tes t s .  
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